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* NOTICES * 

iTFO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The dry etching approach which makes reactant gas the carbon monoxide gas which added nitrogen- 
containing compound gas, and is characterized by etching using the mask by the tantalum or tantalum nitride. 
[Claim 2] The micro-processing approach characterized by etching as reactant gas using the carbon monoxide 
gas which formed the mask by the tantalum on the etched layer, and added nitrogen-containing compound gas. 
[Claim 3] The approach according to claim 2 characterized by performing sputtering which uses a tantalum as a 
target and forming it after said mask forms a resist pattern on said etched layer. 

[Claim 4] The micro-processing approach characterized by etching as reactant gas using the carbon monoxide 
gas which formed the mask by tantalum nitride on the etched layer, and added nitrogen-containing compound 
gas. 

[Claim 5] The approach according to claim 4 characterized by performing reactive sputtering which uses a 
tantalum as a target, and forming it under existence of the reactant gas which contains nitrogen gas at least after 
said mask forms a resist pattern on said etched layer. 

[Claim 6] The approach according to claim 5 characterized by the reactant gas in said reactive sputtering 
consisting of argon gas and nitrogen gas. 

[Claim 7] The approach according to claim 4 characterized by performing sputtering which uses tantalum 
nitride as a target, and forming it after said mask forms a resist pattern on said etched layer. 
[Claim 8] The mask for dry etching which is a mask used by the dry etching which makes reactant gas the 
carbon monoxide gas which added nitrogen-containing compound gas, and is characterized by being formed of 
a tantalum or tantalum nitride. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the dry etching approach, the micro-processing approach using 
this dry etching approach, and the mask for dry etching at the time of forming micro devices, such as a 
semiconductor device and a magnetic cell. 
[0002] 

[Description of the Prior Art] When manufacturing micro devices, such as a minute semiconductor device and a 
magnetic cell, the process which carries out micro processing combining a lithography technique and an etching 
technique is used abundantly. 

[0003] A lithography technique is a technique which makes a detailed pattern to films, such as resist film 
applied to the front face of a processed layer, and forms an etching mask in them, and an etching technique is a 
technique which imprints the detailed pattern of the etching mask which carried out in this way and was 
obtained in a processed layer. 

[0004] As one of the etching techniques, it excels in formation of the fine structure and the reactive-ion-etching 
method for using the plasma of low-pressure reactant gas exists. 

[0005] For example, if the plasma of reactant gas CF4 and CC14 is used when performing reactant etching of 
the magnetic material which uses transition-metals elements, such as Fe, Co, and nickel, as a principal 
component, a halogenated compound will be formed like the case where reactant etching of a semiconductor 
material is performed. However, since the binding energy of the halogenated compound of transition metals is 
far higher than the halogenated compound of a semi-conductor element and it is not only hard to evaporate, but 
is hard to undergo a sputtering reaction, an etching reaction cannot progress easily. 

[0006] As the new system of reaction which solves such a problem, the approach using the plasma of carbon 
monoxide gas is studied, and the dry etching approach using the carbon monoxide gas which added further the 
nitrogen-containing compound gas which improved the system as reactant gas is proposed (22 JP,8-253881,A, 
the Nakatani **, "micro processing of a magnetic-substance thin film", Magnetics Society of Japan Vol. NO. 11, 
1998, 1383rd page - the 1389th page). 

[0007] The result of having performed reactive ion etching by having made into reactant gas the carbon 
monoxide (CO) gas which added ammonia (NH3) gas in order to process into this well-known reference the 
graphic form whose dimension is about 0.6 micrometers on a permalloy thin film, and having performed same 
reactant etching also to a silicon (100) single crystal and alumino way silica glass for the comparison is 
indicated. According to the publication, the ratio of the etching rate of a silicon (100) single crystal to the 
etching rate of a permalloy is 4, and the ratio of the etching rate of alumino way silica glass to the etching rate 
of a permalloy is 9. 
[0008] 

[Problem(s) to be Solved by the Invention] However, in the latest process that the further detailed-ization of an 
etching configuration progresses, when it has only the etching rate ratio with a mask and a processed layer of 
this level, it is difficult to imprint the detailed graphic form of a mask in a processed layer, maintaining a good 
configuration. Since the mask itself is etched and the configuration changes before all the parts of a request of a 
processed layer are etched, the reason is for etching of the processed layer from a mask edge to progress under 
the effect of side etching etc. It is very difficult for the inclination to be strong and to imprint a detailed graphic 
form good in a processed layer especially in the graphic form which has the trench width of face and line width 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1 0/1 7/2005 
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of face of 0. 1 micrometers or less. 

[0009] Therefore, the object of this invention is to offer the dry etching approach, the micro-processing 
approach, and the mask for dry etching which can perform micro processing of a good configuration. 
[0010] 

[Means for Solving the Problem] According to this invention, the carbon monoxide gas which added nitrogen- 
containing compound gas is made into reactant gas, and the dry etching approach which etches using the mask 
by the tantalum or tantalum nitride is offered. 

[001 1] According to this invention, further, the mask by the tantalum or tantalum nitride is formed on an etched 
layer, and the micro-processing approach which etches as reactant gas using the carbon monoxide gas which 
added nitrogen-containing compound gas is offered. 

[0012] When performing dry etching by making into reactant gas the carbon monoxide gas which added 
nitrogen-containing compound gas, by using the small tantalum or the tantalum nitride of an etching rate as a 
mask ingredient It becomes possible to enlarge etch selectivity of a mask and an etched layer, the mask itself is 
etched, and the configuration changes, And since it is lost that etching from a mask edge progresses under the 
effect of side etching etc., the detailed graphic form imprint of a good configuration can be performed. 
[0013] After a mask forms a resist pattern on an etched layer, performing sputtering which uses a tantalum or 
tantalum nitride as a target, and being formed also has it. [ desirable ] 

[0014] It is desirable that it performs reactive sputtering which uses a tantalum as a target, and is formed under 
existence of the reactant gas which contains nitrogen gas at least after a mask forms a resist pattern on an etched 
layer. 

[0015] It is desirable that the reactant gas in this reactive sputtering consists of argon gas and nitrogen gas. 
[0016] According to this invention, it is the mask used by the dry etching which makes reactant gas the carbon 
monoxide gas which added nitrogen-containing compound gas further again, and the mask for dry etching 
formed of a tantalum or tantalum nitride is offered. 
[0017] 

[Embodiment of the Invention] Drawing 1 is the sectional view showing roughly a part of micro-processing 
process in 1 operation gestalt of this invention. 

[001 8] First, as shown in drawing 1 (A), the etched layer 12 which is a layer which should be carried out micro 
processing on the substrate layer 1 1 formed on the substrate 10 is formed. 

[0019] On the substrate 10 which consists of a 3 inch silicon wafer, titanium (Ti) is formed on condition that the 
following as a substrate layer 11, and a cobalt platinum alloy (CoPt, Co:75at%, and Pt:25at%) is more 
specifically formed on condition that the following as an etched layer 12 on it. 
[0020] 

Membrane formation conditions of a substrate layer Target : 99.995% (purity) Titanium Background pressure : 
9x10 to 6 Pa Inflow gas : Argon Quantity of gas flow : 30sccm Total gas pressure : 0.1 5Pa (under membrane 
formation) 

Charge power : DC500W Substrate temperature : Room temperature (with [ in cooling by chilled water ] no 

temperature control) 

[0021] 

Membrane formation conditions of an etched layer Target : 99.995% (purity) Cobalt platinum Background 
pressure : 9x10 to 6 Pa Inflow gas : Argon Quantity of gas flow : lOOsccm Total gas pressure : 2.0Pa (under 
membrane formation) 

Charge power : RF500W Substrate temperature : Room temperature (with [ in cooling by chilled water ] no 
temperature control) 

[0022] Subsequently, as shown in drawing 1 (B), the resist layer 13 by which patterning was carried out to the 
minute graphic form on the etched layer 12 using the lithography technique is formed. 
[0023] The resist layer 13 by which patterning was carried out is obtained by applying a positive resist (for 
example, 200nm in ZEP520, thickness) with a spin coat method, and more specifically exposing a detailed 
graphic form pattern using an electron beam machine, for example, developing negatives using ZED-N50 of 
Nippon Zeon Co., Ltd. (it being 5 minutes at a room temperature). 

[0024] Subsequently, as shown in drawing 1 (C), the mask layer 14 by the tantalum (Ta) is formed from on the 
resist layer 13 by which patterning was carried out to this minute graphic form. 
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[0025] More specifically in this operation gestalt, the tantalum film is formed on condition that the following by 

the sputtering method using argon gas. 

[0026] 

Membrane formation conditions of a mask layer Target : 99.995% (purity) Tantalum Background pressure : 
9x10 to 6 Pa Inflow gas : Argon All quantities of gas flow : 30sccm Total gas pressure : 0.1 5Pa (under 
membrane formation) 

Charge power : DC500W A target and distance between substrates: 300mm Substrate revolution : Nothing 
Substrate temperature : Room temperature (with [ in cooling by chilled water ] no temperature control) 
[0027] Subsequently, as shown in drawing 1 (D), mask 14' by which patterning was carried out is obtained by 
removing the resist layer 1 3 by the lift-off method. 

[0028] More specifically, a lift off is carried out by dipping a wafer into solvents, such as a tetrahydrofuran, 
using an ultrasonic washing machine. 

[0029] subsequently — a mask — 14 — ' — minding — ammonia — and ~ a carbon monoxide — mixed gas — 
reactant gas — ** — having carried out — reactivity — dry etching — carrying out — things — drawing 1 — (— E — 
) — being shown — as — patterning — carrying out — having had — ed — etching — a layer — 12 — 1 — obtaining . 

[0030] Drawing 2 is drawing showing roughly the example of a configuration of the reactive ion etching system 
used with this operation gestalt. 

[0031] the ESC stage electrode with which the wafer whose 20 is a workpiece, and 21 hold a wafer 20 in this 
drawing, and 22 — the high frequency (13.56MHz) power source for plasma generating, and 23 — 
electromagnetism — in a coil and 24, the high frequency (1 .6MHz) power source for bias and 25 show a quartz 
bell jar, and 26 shows the diffusion chamber, respectively. 
[0032] The etching conditions by this reactant etching system are as follows. 

[0033] Reactant dry etching condition inflow gas : A carbon monoxide and ammonia carbon monoxide quantity 
of gas flow : 50sccm ammonia quantity of gas flow : 150sccm all gas pressure : 6.0Pa source power : 3kW bias 
power : 1 .2kW [0034] subsequently — drawing 1 — (— F — ) — being shown — as — a mask — 14 — 1 — 
exfoliating — things — a request — minute — a graphic form — patterning ~ carrying out — having had — ed — 
etching — a layer — 12 — ' — obtaining — having . 

[0035] With this operation gestalt, the tantalum (Ta) is used as an ingredient which constitutes mask 14\ The 
detailed graphic form imprint of a good configuration can be performed very greatly [ this tantalum / the ratio 
(etch selectivity) of the etching rate to the cobalt platinum alloy (CoPt) which is the component of the etched 
layer 12 ] consequently. 

[0036] The etching rate in the dry etching which actually makes reactant gas the carbon monoxide gas which 
added ammonia gas to various ingredients was measured. That is, the sample which formed membranes on the 
membrane formation conditions which mentioned above a silicon dioxide (Si02), titanium (Ti), the tantalum 
(Ta), and the cobalt platinum alloy (CoPt) on the 3 inch wafer, and the same conditions was created, reactant 
dry etching was performed on the conditions mentioned above, and the etching rate was measured. The ratio 
(etch selectivity) of the result and an etching rate is shown in a table 1 . 



[0037] 
A table 11 




(nm/m i n) 


CoPt [:Mtsx^ 


S iC 2 


12. 5 


3 . 6 


T i 


3. 6 


12.4 


T a 


1 . 7 


2 6. 3 


CoPt 


4 4. 6 





[0038] Thus, the etch selectivity of a tantalum (Ta) is 26.3 to the etch selectivity of titanium (Ti) being 12.4. 
Therefore, if a tantalum is used as a mask in the reactant dry etching which makes reactant gas the carbon 
monoxide gas which added ammonia gas, it is lost that etching from a mask edge progresses under the effect of 
that the mask itself is etched and the configuration changes, side etching, etc., and the detailed graphic form 
imprint of a good configuration can be performed. 

[0039] Drawing 3 is a photograph showing the scanning electron microscope (SEM) image of the island 
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configuration actually formed by using titanium (Ti) like the former and carrying out reactant dry etching of the 
cobalt platinum alloy to a mask on the above conditions, and drawing 4 is a photograph showing the SEM 
image of the actually formed island configuration by using a tantalum (Ta) like this operation gestalt, and 
carrying out reactant dry etching of the cobalt platinum alloy to a mask on the above conditions. In both 
drawings, (A) is after etching.and (B) shows the configuration after mask exfoliation before mask exfoliation, 
respectively. 

[0040] Since a mask does not fully remain actually after etching and side etching is progressing when titanium 
is used as a mask as shown in drawing 3 (A) and (B), each island of the cobalt platinum alloy obtained 
eventually serves as a cone configuration. On the other hand, as shown in drawing 4 (A) and (B), when a 
tantalum is used as a mask, each island of the cobalt platinum alloy which especially the lower part fully 
remains and is obtained eventually of a mask is maintaining the good configuration also after etching. 
[0041] In the operation gestalt described above, although the tantalum is used as a mask, in the modification 
mode of this invention, tantalum nitride is used instead of a tantalum. 

[0042] That is, in drawing 1 (C), the mask layer 14 by tantalum nitride (TaN) is formed from on the resist layer 
1 3 by which patterning was carried out to this minute graphic form. 

[0043] More specifically, the tantalum nitride film is formed on condition that the following by the reactive- 
sputtering method (it nitrides during membrane formation) using the mixed-gas plasma of nitrogen and an 
argon. 
[0044] 

Membrane formation conditions of a mask layer Target : 99.995% (purity) Tantalum Background pressure : 
9x10 to 6 Pa Inflow gas : An argon and nitrogen All quantities of gas flow : 30sccm Total gas pressure : 0.1 5Pa 
(under membrane formation) 

Rate of a nitrogen quantity of gas flow : 0 - 60% Charge power : DC500W A target and distance between 
substrates: 300mm Substrate revolution : Nothing Substrate temperature : Room temperature (with [ in cooling 
by chilled water ] no temperature control) 

[0045] The process of henceforth in this modification mode is the same as that of the case of the operation 
gestalt mentioned above, in addition, the time of forming tantalum nitride ~ reactant SUPATTANGU — it is 
clear that membranes may be formed using general sputtering which uses tantalum nitride as a target not using 
law. 

[0046] The ratio (etch selectivity) of tantalum nitride (TaN) of the etching rate to the cobalt platinum alloy 
(CoPt) which is the component of the etched layer 12 is dramatically large. Therefore, the detailed graphic form 
imprint of a good configuration can be performed by constituting mask 14' using this tantalum nitride. 
[0047] In addition, there is nitrogen-containing amines gas other than the ammonia (NH3) gas mentioned above 
among the nitrogen-containing compound gas added in carbon monoxide gas as reactant gas at the time of dry 
etching. 

[0048] Moreover, in the operation gestalt mentioned above, although explained using the example which forms 
the island of a large number 0. 1 micrometers or less on a magnetic-substance ingredient, naturally this invention 
is applicable to the other micro processing of a magnetic-substance ingredient, and a pan also at micro 
processing of ingredients other than magnetic-substance ingredients, such as a semiconductor material. 
[0049] This invention cannot be shown in instantiation, and not all the operation gestalten described above can 
show it restrictively, and can carry out this invention in other various deformation modes and modification 
modes. Therefore, the range of this invention is specified by only a claim and its equal range. 
[0050] 

[Effect of the Invention] As explained to the detail above, when performing dry etching by making into reactant 
gas the carbon monoxide gas which added nitrogen-containing compound gas according to this invention By 
using the small tantalum or the tantalum nitride of an etching rate as a mask ingredient It becomes possible to 
enlarge etch selectivity of a mask and an etched layer, the mask itself is etched, and the configuration changes, 
And since it is lost that etching from a mask edge progresses under the effect of side etching etc., the detailed 
graphic form imprint of a good configuration can be performed. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 




[Drawing 4] 
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(A) (B) 




[Translation done.] 
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